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We introduce the the Triangular Ring (TR) resonator. We show that the difference between
the clockwise and anti-clockwise resonant frequencies of a vacuum TR resonator is sensitive to the
birefringence parity-odd parameters of the photon’s sector of the minimal Standard Model Extension
(mSME): the Standard Model plus all the perturbative parameters encoding the break the Lorentz
symmetry. We report that utilizing the current technology allows for direct measurement of these
parameters with a sensitivity of the parity even ones and improves the best current resonator bounds
by couple of orders of magnitudes.
We note that designing an optical table that rotates perpendicular to the gravitational equipotential
surface (geoid) allows for direct measurement of the constancy of the light speed at the vicinity of
the earth in all directions in particular perpendicular to the geoid. If this table could achieve the
precision of the ordinary tables, then it would improve the GPS bounds on the constancy of the
light speed perpendicular to geoid by about eight orders of magnitude.
PACS numbers: 11.30.Cp,03.30.+p,12.60.-i,13.40.-f
I. INTRODUCTION
Currently nature, a capite ad calcem, is perceived in the doctrine of the three paradigms: Special Relativity, General
Relativity, and Quantum Mechanics. This doctrine suffers from the problem of quantum gravity. Not withstanding the
success of this doctrine, perhaps we must quantitatively question how precise nature nurtures each of these paradigms.
Prior to an appropriate reply, test models for the paradigm of the question must be constructed. In this work we
consider a test model for the special relativity.
The most recent test model for the special relativity is the Standard Model Extension (SME) [1–3]. This model
adds all the perturbative parameters breaking the Lorentz symmetry to the Lagrangian of the standard model before
asking how much which experiment or observation constrains them. This model has stemmed recent research aimed to
detect or study the Lorentz Invariance Violation (LIV) terms for electromagnetic (photon sector of the SME) in various
fields, including the classical solutions of SME electrodynamics [4–7], cosmological birefringence constraints [8–10],
radiation spectrum of the electromagnetic waves and CMB data [11–17], black body radiation in finite temperature
[18–21], LIV terms in higher dimensional scenarios [22, 23], synchrotron radiation [24, 25], Cherenkov radiation [26–29]
and modern cavity resonators or interferometry experiments [30–35]. Studies have been conducted to search for the
LIV terms in the neutrino sector [36–42], meson sector [43–53], electron sector [54–66], proton sector [67–71], neutron
sector [72–81] and also the gluon sector [82]. The reader is advised to look at the data table of all the SME parameters
[83]. So far no compelling non-zero value for the LIV parameters has been reported [83] “though SME-based models
provide simple explanations for certain unconfirmed experimental results including anomalous neutrino oscillations
[84] and anomalous meson oscillations [85]” [86].
In this work we consider the CPT even part of the minimal SME, the photon sector of which reads:
L = −1
4
FµνF
µν − 1
4
(kF )µνληF
kλFµν ,
where kF ’s components are small real numbers. We then report that a Triangular Fabry-Perot resonator (which
we will introduce) is capable of measuring the parity odd components of the kF tensor. We show that utilizing a
vacuum TR resonator on the current rotating tables will improve the direct bounds on five out of the eight parity-odd
parameters (at the scales of 10 eV ) by about four orders of magnitude. The remaining three parameters can be
measured by a TR resonator partially filled with a magnetic material.
The paper is organized as follows: we first provide a short glimpse on the mSME electrodynamics in the vacuum
and in presence of matter. We then introduce the Triangular Fabry-Perot resonator and present our motivation to
introduce this resonator. We, next, show that a non-vacuum TR resonator measures the parity-odd non-birefringent
parameters of the mSME. In its following section we derive with what precision a vacuum TR resonator can measure,
this time, the birefringent parity-odd parameters. Before we summarize we talk about the possibility of new tests for
QED in GR.
2II. ELECTRODYNAMICS OF MSME
In order to address the SME electrodynamics, it is more common to express kF tensor in term of new 3×3 matrices
defined by
(κDE)
jk ≡ −2(kF )0j0k , (1)
(κHB)
jk ≡ 1
2
ǫjpqǫklm(kF )
pqlm , (2)
(κDB)
jk ≡ − (κHE)kj = ǫkpq(kF )0jpq . (3)
The equations of motion for SME electrodynamics can be expressed in the form of modified source free Maxwell
equations:
∇.D = 0 , (4)
∇.B = 0 , (5)
∇× E + ∂tB = 0 , (6)
∇×H − ∂tD = 0 , (7)
where the modified definition of D and H read
(
D
H
)
=

 ǫ0κDE
√
ǫ0
µ0
κDB√
ǫ0
µ0
κHE µ
−1
0 κHB

( E
B
)
. (8)
Note that κDE , κDB, κHE and κHB matrices are not the eigenfunctions of the parity and time reversal operator. The
eigenfunctions of these operators read
(κ˜e+)
jk =
1
2
(κDE + κHB)
jk , (9)
(κ˜e−)
jk =
1
2
(κDE − κHB)− 1
3
δjk(κDE)
ll , (10)
(κ˜o+)
jk =
1
2
(κDB + κHE)
jk , (11)
(κ˜o−)
jk =
1
2
(κDB − κHE)jk , (κ˜) = 1
3
(κDE)
ll , (12)
where the subscript of ± represents the eigenvalue under time reversal, and the subscripts of o and e means the
oddness or evenness under the parity operator. Note that κ˜ is a scalar, all matrices are traceless, and all matrices are
symmetric but κ˜o+ which is antisymmetric.
Later in this work, we shall need mSME in the presence of the matters. For mSME electrodynamics in the presence
of matter we follow the notation of [87], and in the line of [9] where
(
D
H
)
=

 ǫ0(ǫ˜r + κDE)
√
ǫ0
µ0
κDB√
ǫ0
µ0
κHE µ
−1
0 (µ˜
−1
r + κHB)

( E
B
)
, (13)
In vacuum ǫ˜ and µ˜ are identity matrices. In this paper we consider isotropic materials so
ǫ˜ = ǫr1 , (14)
µ˜ = µr1 . (15)
A general kF leads to birefringence in vacuum. If we assume that the universe is homogeneous then the infrared,
optical, and ultraviolet spectropolarimetry of various cosmological sources at distances 0.04− 2.08Gpc [88–97] bound
the components of κ˜e+ and κ˜o− to less than 2× 10−32 at 90% confidence level [1, 2]. This combined with the modern
Michelson-Morley experiments [30, 31] then demands κ˜e− and κ˜o+ to be less than 10
−16 at 90% confidence level
[10]. Perhaps it is interesting to obtain the limits on kF without assuming that the universe is homogeneous. In
a non-homogeneous universe we can not deduce direct (model-independent) information on the local variables from
the cosmological observations. In we abandon the assumption of a homogenous universe, we should consider local
experiments to directly constrain the LIV parameters.
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FIG. 1: Triangular Interferometry: The fringe pattern between light rays moving clockwise and ant–clockwise is measured,
reproduced from ref. [104]
The local constraints can be provided by accelerators. For example not having observed the Compton-edge photons
at the ESRF’s GRAAL facility [24, 25] leads to the bound of 10−13 on the mSME coefficients. There exist proposals
to measure the parity-odd LIV terms at the level of 10−16 by the electrostatics or magnetostatics systems [4–6].
Interferometry system lead to local constraints as well. The most recent Michelson-Morley-type experiment [30],
improving previous bounds [31], reports the bound of 10−17 on the parity even. In the SME the Parity-odd LIV terms
mix with the parity-even ones under boost. Due to the orbit of the earth around the Sun, therefore, a limit on the
parity-odd terms can be deduced for the parity odd coefficients from the results of the Michelson-Morley experiments.
Doing so, the sensitivity for the parity-odd terms, is four orders of magnitude less than that of the parity-even ones.
This means that [30] implies the limit of 10−13 on the parity odd coefficients. It is interesting to design and introduce
a cavity resonator that is sensitive to the parity-odd terms. The possibility for designing these kinds of resonators is
discussed in Ref. [98]. This paper aims to introduce a simple resonator which is directly sensitive to (all or some of)
the parity-odd LIV terms of the photon sector of the SME.
III. TRIANGULAR FABRY-PEROT RESONATOR
The Michelson-Morley experiment [99, 100] measures the two-way light speed: the average of the light speed
in opposite directions. In the early test models of the special relativity such as the Robertson-Mansouri-Sexl Model
[101, 102], the intrinsic deviation from special relativity was encoded only in the two-way light speed. SME in contrary
to the Robertson-Mansouri-Sexl Model has detectable parity-odd parameters: parameters that affect the one-way
light speed. The parity-odd parameters of the SME can/may be directly detected using new interferometry/resonator
systems. In such an interferometer the light path should be closed. In order to avoid taking the average of the
light speed in the opposite directions, no segment of this path should be parallel to any other of its segments. A
triangular interferometry system wherein light moves on the perimeter of a triangle possesses these properties: fig.
[1]. The triangular interferometer was first introduced by Trimmer et. al [103]. It appears that it was rediscovered
later in optics [104]: as a system which is robust to the fluctuations caused by the environment. Nowadays people
in laboratories often use Mach-Zehnder interferometer in order to systematically suppress the fluctuations. We note
that a vacuum Mach-Zehnder interferometer/resonator measures only the two-way light speed. As we will show a
vacuum triangular resonator can measure some of the parity-odd parameters.
In 1973, Trimmer et. al used the triangular interferometry and reported the vanishing of the parity-odd terms
(albeit within his test model for special relativity not the SME) with the precision of 10−10 [103]. The Trimmer
experiment, however, has not yet been repeated or improved. Here we suggest to repeat and improve this experiment.
In so doing, we first change the triangular interferometer to the triangular resonator.
A setup for the triangular resonator is depicted in Fig. 2. This setup uses a perfect mirror and two other mirrors
which partially allow light rays pass through them. Similar to the Trimmer setup [103], we have placed a piece of
glass (a magnetic material, µ > 1 ) in one edge of the resonator in order to make it sensitive to Y1m(θ, φ) parity-odd
LIV terms. The resonator is transparent to frequencies in which a standing light wave is produced on the perimeter of
the triangle. In order to calculate the resonant frequencies, we just need to find the waves which allow the formation
of the standing light wave inside the resonator.
Triangular resonator is a simple generalization of the Fabry-Perot resonator. Fig. 2 depicts how to choose the
resonant frequencies of lights moving clockwise and anti-clockwise using a single triangular resonator. In the next
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FIG. 2: Triangular Resonator: A triangle resonator can produce multiple resonant frequencies.
section we prove that measuring the beat frequency between these two resonant frequencies as the optical table rotates,
will measure the parity-odd parameters of the photon sector of SME.
IV. MSME ELECTRODYNAMICS AND TR RESONATOR
Ref. [30] reports that the parity-even LIV terms in the mSME are zero with the precision of parts in 1017. So we
set
(κ˜e+)
jk = 0, (16)
(κ˜e−)
jk = 0, (17)
at the precision we are working in this paper. Ref. [105] reports that |κ| < 5 × 10−15. |κ| affects the anisotropy of
light at level of |κ| v
c
where v stands for the velocity of the laboratory with respect to an inertial frame. The effect of
the isotropic parameter, thus, is about 10−19. We want to address the isotropy of the light speed with the precision
of 10−17. So we set
κ˜ = 0 . (18)
This leaves us the eight parity odd parameters: (κ˜o+)
jk, (κ˜o−)
jk. The five components of (κ˜o−)
jk contribute to the
first order birefringence. So they are called the birefringent terms. The three components of the (κ˜o−)
jk does not
cause birefringece at the leading order so they are called non-birefringent terms. In the following sub-sections we first
show how TR resonator can measure the non-birefringent terms, and in its subsequent subsection we show how a TR
resonator can measure the birefringent terms.
A. Non-Birefringent parity-odd parameters
Table VIII of ref. [106] has listed the matrix elements relating the cartesian to spherical coordinates of the CPT-
even and parity-odd of the photon sector of the minimal SME. Examining these tables illustrates that the three
components of (κ˜o−)
jk are mapped to the spherical component of angular momentum (l) one. The contribution of
(κ˜o−)
jk to the light speed reads:
c
c(θ, φ)
= 1− p(θ, φ) , (19)
where c is the light speed in the special relativity, which now can be written by
p(θ, φ) =
∑
m
pmY1m(θ, φ) , (20)
where pm are the components of the (κ˜o−)
jk in the spherical coordinates of a universal rest frame. Now consider an
arbitrary triangular resonator. Choose the coordinates such that the resonator is placed on the xy surface. Denote the
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FIG. 3: A triangular resonator and how we label it.
angle between the positive direction of the x axis and ~AB edge of the triangle by θa, fig. 3: there exists a transparent
isotropic material in one arm of the triangle, for now please just consider a vacuum resonator. We assume that we
can rotate the resonator in the xy-plane in order to test the anisotropy of the light speed in the xy-plane. We search
for anisotropy in the xy-plane. As the earth rotates, the xy-plane probes all the space. So, providing a formulation
for the light anisotropy in the xy-plane suffices to test the anisotropy of the light speed in all directions. Consider an
inertial frame attached to the laboratory. A general anisotropy for the light speed in vacuum in the xy-plane reads
c
c(θ)
= 1 + p(θ) , (21)
wherein θ is the angle between the light’s direction and the positive x direction. Furthermore projecting (20) on the
xy plane yields
p(θ) = q sin(θ + θ0) , (22)
where q is a function of pm and the configuration of the triangle with respect to the universal rest frame.
Now present the resonant frequency of the anti-clockwise rotating beam (the first beam of fig. 2 without a material
inside it) by ν+. This resonant frequency holds
d
c(θa)
+
b
c(θb)
+
c
c(θc)
=
n+
ν+
, (23)
where n+ labels the ν+ modes. Due to (22) we have
a p(θa) + b p(θb) + c p(θc) = 0 . (24)
which shows that (κ˜o−)
jk does not contribute to the resonant frequencies of the the vacuum TR resonator. No change
in the perimeter of the vacuum resonator makes it sensitive to (κ˜o−)
jk [103][115].
So let us now consider a non-vacuum resonator: Fig. [2]. To derive the resonant frequency of a non-vacuum resonator
we should derive the light speed for mSME in the presence of matter. Let an isotropic matter be considered. Then ref.
[87] has presented the light speed for mSME in the presence of matter. Eq. (16) of the ref. [87] beside its appendix
A, shows that at the leading order in the parameters, ignoring the corrections due to boost we have
k↑xy√
µrǫrk0
= 1 +
√
µr
ǫr
(κDB)
xy , (25)
k↓xy√
µrǫrk0
= 1−
√
µr
ǫr
(κDB)
xy , (26)
the superscript refers to the direction of the propagation along the z axis (↑ positive ↓ negative), the subscripts labels
the direction of the E and H field and k0 is the constant of the propagation in the vacuum in the absence of LIV
6coefficients. Note that we have simplified eq. (16) of the ref. [87] for the purpose of this section. In the sense that
(16), (17) and (18) have been implemented in (25) and (26).
We notice that (25) and (26) lead to expressing the parity odd coefficients in the material in term of the parity
coefficients in the vacuum. To have this illustrated recall:
k↑xyc
↑
xy = ω , (27)
k↓xyc
↓
xy = ω , (28)
where c↑xy and c
↓
xy represent the light speed in the opposite directions along the z axis. Then it follows that
cm
c↑xy
− cm
c↓xy
= 2
√
µr
ǫr
(κDB)
xy , (29)
which dictates that the parity odd expansion in (20) in presence of matter holds
pmatm = pm
√
µr
ǫr
, (30)
where pm is the coefficient in the vacuum while p
mat
m stands for the coefficient in a given isotropic material.
Now consider an arbitrary triangular resonator with an isotropic matter in one of its arm. Choose the coordinates
such that the resonator is placed on the xy surface: fig. 3. We assume that we can rotate the resonator in the xy-plane
in order to test the anisotropy of the light speed in the xy-plane. We again search for anisotropy in the xy-plane.
The SME light speed inside the isotropic material in xy-plane, cm(θ), is directional dependence and it reads
cm
cm(θ)
= 1 +
√
µr
ǫr
p(θ) , (31)
wherein θ is the angle between the light’s direction and the positive x direction and p(θ) is given in (22) and cm
represents the light speed in the isotropic material in the ordinary electrodynamics:
cm =
1√
µrǫr
c , (32)
Now present the resonant frequency of the anti-clockwise rotating beam (first beam of fig. 2) by ν+. This resonant
frequency holds
a− d
c(θa)
+
d
cm(θa)
+
b
c(θb)
+
c
c(θc)
=
n+
ν+
, (33)
where n+ labels the ν+ modes. For sake of simplicity define:
aˆ = a+ (
√
µrǫr − 1)d . (34)
Inserting (21) into (33) yields
cn+
ν+
= aˆ+ b+ c+ (35)
+(a+ (µr − 1)d) p(θa) + b p(θb) + c p(θc) .
Using (24) simplifies (35) to
cn+
ν+
= aˆ+ b+ c+ (µr − 1)d p(θa) .
We denote the resonant frequency of the clockwise rotating beam by ν− (the second beam of fig. 2). ν− satisfies
aˆ
c(π + θa)
+
b
c(π + θb)
+
c
c(π + θc)
=
n−
ν−
, (36)
7where n− labels the modes for ν−. Inserting (21) into (36) yields
cn−
ν−
= aˆ+ b+ c− (µr − 1)d p(θa) .
Let the resonant frequencies be expressed in term of the average frequency, v¯ and their beat frequency:
1
ν+
=
1
ν¯
(1 +
1
2
(ǫ(θa) + ǫ0)) , (37)
1
ν−
=
1
ν¯
(1 − 1
2
(ǫ(θa) + ǫ0)) , (38)
where the beat frequency is defined by
∆ν = ν¯(ǫ(θa) + ǫ0) . (39)
Note that we have
ǫ(θa) + ǫ0 << 1 . (40)
Also notice that ǫ0 is the beat frequency predicted by the special relativity and ǫ(θa) represents the deviation from
the special relativity’s prediction. Also up to the leading order we can use (and define n¯)
n+ ≈ n− = n¯ . (41)
Using (36), (37), (37) and (38) leads to
− cǫ(θa)
ν¯
=
2(µr − 1)
n¯
d p(θa) . (42)
Every quantity in the right hand side of (42) is observable: ν¯ is the average of the resonant frequencies, νǫ(θa) is the
configuration dependent part of the beat frequency, that is:
ν¯ǫ(θ) = ∆ν(θ)−∆ν(0) , (43)
n¯ is the average of labeling of the considered modes of the resonator. In summary we get
∆ν(θ) −∆ν(0)
ν¯
=
2(µr − 1)d
aˆ+ b+ c
p(θ), (44)
Eq. (44) makes us enable to measure the anisotropy of the one-way light speed.
1. Precision of the vacuum and matter-filled Triangular resonator
The setup of ref. [30] and [31] has reached the precision of 10−17 for the parity even parameters. We do assume
the beat frequency between the clockwise and anticlockwise resonant frequencies of the vacuum triangular resonator
can reach to the precision of ref. [30] and [31], that is
∆ν
ν
∣∣∣∣
vac.
< 10−17. (45)
This assumption is valid since the beat frequency of the clockwise and anti-clockwise resonant frequencies of the
vacuum triangular resonator is insensitive to the environmental noises.
Compered to the Fabry-Perot resonator, a rotating ring resonator is sensitive to the Sagnac effect [110, 111]. A
small deviation from a constant angular velocity produces a signal in the beat frequency of the clockwise and anti-
clockwise resonant frequency of the ring resonator. In the search for the SME parameters on a rotating table, thus,
the fluctuations in the Sagnac effect due to fluctuations of the angular velocity of the rotating table should be taken
into account. Perhaps one way is to design the rotating table such that it rotates with a constant angular velocity with
the desired precision. The other way is to cancel the Sagnac signals by data processing. The later is possible since the
Sagnac effect is proportional to the area of the resonator while SME signals are proportional to the perimeter of the
ring. Therefore placing two ring resonators of different areas on the same rotating table, and then measuring the beat
8frequencies of the clockwise and anti-clockwise resonant frequencies of each ring resonator, allows for systematically
removing the Sagnac effect signals by data processing. We suggest to remove the fluctuation of the angular velocity
by data processing. Since there exists a simple way to remove the fluctuations of the Sagnac effect, the vacuum
Triangular resonator indeed can reach at least the precision of ref. [30] and [31].
When we use a material inside the resonator the loss in the material we use in the triangular resonator suppresses
the precision of the vacuum resonator
∆ν
ν
∣∣∣∣
r
< 10−17 T (d). (46)
where T (d) is the transmission coefficient of the material we use in the resonator. Eq. (44) then indicates that we
can measure p(θ) with the precision of
p(θ) <
aˆ+ b+ c
2d(µr − 1)T (d)× 10
−17 . (47)
To simplify this relation, consider the triangular resonator for which
a = b = c = d =
L
3
, (48)
where L is the perimeter of the triangle, then (47) converts to
p(θ) <
√
µrǫr + 2
2(µr − 1) T (
L
3
)× 10−17 . (49)
So if we can find an almost lossless material for which
√
µrǫr + 2
2(µr − 1) T (
L
3
) < 1 , (50)
the suppression of the precision of the resonator due to loss inside the material is ignorable. The problem is that the
author is not aware of any lossless magnetic material in the optical range. Usually µr is larger than one near the
resonant frequency of the material where absorption is large too. So it does not sound easy to propose or suggest a
magnetic material transparent for the frequency used in the setup of [30] or [31].
There is also a challenging problem associated with the partially filled triangular resonator. The experiment requires
that only part of the optical path be filled with a material. ‘There will be reflection (from the clockwise beam to the
counterclockwise and vice versa) at the boundaries of the crystal that we have not considered.’ We should employ a
technique to suppress this reflection. Ref. [109], done and reported after this paper, has presented a sharp way to
suppress this reflection. It uses a ring resonator with a prism at the Brewster’s angle. Ref. [109] also reports the
precision of 10−13 for non-rotating ring/triangular resonator. This high precision is inherited from the triangular or
Mach-Zhender interferometer systems [104]. Note that ref. [109] has not performed the experiment on a rotating
table. We suggest the experiment to be done over a rotating table, albeit the fluctuation of the Sagnac effect must
be taken into account in order to achieve the precision of [30]. “In this suggestion following the literature we have
assumed that the lengths of the resonator arms remain unchanged under rotations. The apparatus could in principle
also be affected by Lorentz-symmetry violations but it appears likely that they should be anyway very small”. Notice
that the triangular resonator still possesses some merits. Next section shows that the vacuum triangular resonator is
sensitive to the birefringent parity odd parameters. We urge the experimentalist to directly measure these parameters
using a vacuum triangular resonator.
B. Birefringent parity-odd parameters
Table VIII of ref. [106] illustrates that the five components of (κ˜o+)
jk are mapped to the spherical component of
angular momentum (l) two. This implies that the contribution of (κ˜o+)
jk to the light speed of a given polarization
reads:
c
c(θ, φ)
= 1−
2∑
m=−2
p˜mY2m(θ, φ) . (51)
9The contribution of Y2m(θ, φ) to the optical path for a closed path is not vanishing. In the previous subsection we
were forced to use the matter-filled TR resonator because the net contribution of Y1m(θ, φ) for over a closed path was
zero. This is not the case for Y2m(θ, φ). A vacuum TR resonator measures p˜m. If we use unpolarized beam inside a
vacuum TR resonator, then the SME model leads to multiple resonant frequencies for it. The frequency shifts in the
vacuum TR resonator due to SME corrections, however, will be at the order of
|∆ν
ν
| ∝ p˜m . (52)
If we measure the frequency of a vacuum TR resonator we then can deduce constraint on p˜m.
The setup of ref. [30] and [31] has reached the precision of 10−17 for the resonant frequency. As argued before,
perhaps this precision can be achieved for a vacuum TR. The only difference between the vacuum TR resonator and
ordinary FP resonator is that the TR resonator uses three mirrors instead of two. So we assume that all the state
of art technology utilized in the FP resonator to reach the precision of 10−17 can be utilized in the TR to reach
almost the same precision. Let it be emphasized again that the beat frequency of the clockwise and anti-clockwise
resonant frequencies of the TR compared to that of two FP resonators is insensitive to the environmental noises. The
TR resonator does not need the very complex noise reduction system needed to compare the resonant frequencies of
two independent FP resonators. This means that TR will lead to the direct measurement of the birefringent parity-
odd parameters with a sensitivity better than parts in 1017. This improves the direct interferometry constraints on
these coefficients reported in [34] by six orders of magnitude, and the bound of ref. [30] and [31] on the parity-
odd parameters by about four orders of magnitude. The direct experiment is measuring the parity-odd birefringent
parameters without assuming anything on the homogeneity of the universe. Its outcome, therefore, is complementary
to the cosmological bounds on the parity-odd birefringence parameters reported in [8, 9] wherein a homogeneous
universe assumed.
V. NEW TEST FOR QED IN GENERAL RELATIVITY
The CPT-even part of the mSME for the electromagnetic sector reads
L = −1
4
FµνF
µν − 1
4
(kF )µνληF
ληFµν , (53)
where kF has 19 algebraically independent components. The standard approach assumes that kF is constant in the
whole of the universe. In a curved space-time geometry kF may depend on the space-time geometry [107]. It can be
a functional of the Riemann tensor and its covariant derivatives:
(kF )µνλη = kF [l
2
sRijkl , gij , lSME∇i]µνλη , (54)
where l
SME
plays the role of the SME scale. A consistent fundamental theory for the spontaneous break of the Lorentz
symmetry in a curved space-time geometry would identify kF . In the absence of such a theory, we can just estimate
the constraint on ls. In order to provide this constraint we note that around the Earth it holds
|Rµνλη | ≡ (RµνληRµνλη) 12 ∝ GMEarth
c2r3
Earth
∝ 10−23 1
m2
. (55)
Gravity so far has illustrated two lengths: the planck length and the length of the cosmological constant:
lp ∝ 10−35m, (56)
lΛ =
1√
|Λ| ∝ 10
26m, (57)
where Λ is the measured value for the cosmological constant: the cosmological constant determined by +SN Ia
observation reads [108]:
|Λ| = 1.206+0.064−0.073 × 10−52
1
m2
. (58)
If what causes the cosmological constant also causes the break of the Lorentz symmetry then l
SME
∝ lΛ and around
the Earth
l2
SME
|Rµνλη| ∝ 1029 , (59)
10
which is very large and will be ruled out immediately. If quantum gravity induces LV than l
SME
∝ lp and around the
Earth we have
l2
SME
|Rµνλη| ∝ 10−93 , (60)
which is very small. QED has another scale: the Compton wavelength of electron. If this scale plays a role than
(l
SME
∝ 10−12m) and
l2
SME
|Rµνλη| ∝ 10−47 , (61)
which is still very small. (60) and (61) imply that we do not have any theoretical motivation to search for l
SME
. We,
however, can provide better and better empirical limits on the possible scale of SME by performing experiments. All
the implemented experiments in laboratory have had the table of interferometry system rotated parallel to the earth
surface. So they have not and are not measuring the possible dependency of kF perpendicular to the gravitational
equipotential. It is interesting to design the table of interferometry system such that the table rotates perpendicular
to the earth surface. Once this table is designed and constructed, a combination of the triangular resonator and
Fabry-Perot resonator will constrain the light speed isotropy near the surface of the earth, in the directions of parallel
to the surface and perpendicular to the surface, with the precision of about 3nm
s
. This precision is not sufficient to
address quantum gravity but it provides a better limit on the scales where break of the Lorentz symmetry may be
observed. In particular it improves the limit of ref. [112] on the parity-even parameters by about eight orders of
magnitudes and implies that l
SME
< 1km.
VI. CONCLUSIONS
We have introduced a new resonator: the Triangular Ring resonator. We have shown that the difference between
the clockwise and anti-clockwise resonant frequencies of a vacuum TR resonator measures the birefringence parity-
odd parameters of the photon’s sector of the minimal Standard Model Extension (mSME). Utilizing the current
technology leads to the direct measurement of these parameters with a sensitivity better than parts in 1017, which is
four orders of magnitude improvement. We also have reported that the partially filled triangular resonator measures
the non-birefringence parity-odd parameters of the QED sector of the mSME.
We also have realized that after designing new rotating tables, tables that rotate perpendicular to the equipotential
surface, a TR resonator and ordinary Fabry-Perot resonators shall provide new constraints on the form of the non-
minimal coupling between curvature of the space-time geometry and QED. They will report whether or not the light
speed is the same in all directions near the Earth. The current direct resonator experiments report that the light
speed is the same tangent to the equipotential surface (geoid). The new table shall experimentally measure and would
report the constancy of the light speed in all directions with about a precision of 3nm/s.
VII. NOTES ADDED
One of the proposed experiments was carried out and the constraints were improved by orders of magnitudes
[113, 114].
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